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Characteristics of Samples and Linking Items Affecting
a Partial Pre-calibration Design

Linda L. Cook
Daniel R. Eignor

Marilyn S. Wingersky

Educational Testing Service

INTRODUCTION

Since 1982, IRT equating of new editions of the Scholastic Aptitude Test

(SAT) has been based, except for a small number of instances, on three-parameter

logistic model item parameter estimates (see Lord, 1980) obtained from the

concurrent calibration of items from the new edition, two eqinating tests, and two

old editions of the teat, using data fromtwo samples taking the new edition of

the test and a sample from each group taking the old editions of the test (s:e

Figure 1). In a concurrent calibration design, item parameters for the three

total tests and the two equating tests are estimated and placed on a common scale

in a single calibration run. The computer program LOGIST (Wingersky, Barton, and

Lord, 1982; Wingersky, 1983) has been used to perform the item calibration

needed. Scores on the new edition are then equated to scores on each of the

earlier editions, using IRT true-score equating (Lord, 1980) and the results

averaged. This type of IRT equating uses exactly the SAMe data collection design

that was used for the traditional non-IRT equating of SAT- erbal and

SAT-mathematical done prior to 1982. The calibration design is based on the SAT

braiding plan (Angoff, 1974) and i_ considerably limited in its flexibility.

Scores on the new test edition can only be equated to scores on old editions that

were administered with the same equating sections as those given with the new

edition. A more flexible equating procedure would take advantage of item
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parameter estimates from test editions given at a number of different SAT

administrations that are on one common scale,

Insert Figure 1 about here

The most flexible calibration design that could be used with the SAT would

be a full pre-calibration design, which would lead to pre-equating of the verbal

and mathematical sections. Pre-equating refers to the process of establishing a

conversion from raw to scaled scores prior to the time the new test edition is

administered operationally. The process depends on the adequate prate ting of a

pool of items from which the new test edition will be assembled, the calibration

of these items using IRT methods, and the utilization of a linking scheme to

plare the IRT item parameter estimates on a common scale. The last step is

perhaps, the most critical step. Unlike the concurrent calibration design, where

the nece aary item parameter estimates are automatically on the same scale

because there is only one calibration run, for the pre-calibration design, there

will be multiple calibration (LOCIST) runs and the parameter estimates will

initially be on the unique scales defined by the ability distributions of the

samples used in the separate LOCIST runs -e Cook and Eignor, 1983). It is

possible, however, if the mr model fits the data, and there are common

between calibration runs, to determine a linear relationship that can be used to

transform item parameter estimates from one calibration run to the scale of the

parameter estimates from another calibration run. Hence, it is not the existence

of unique scales that presents a problematic hurdle for IRT pre-equating but,

rather, the need to have sets of common item- between calibration runs that would

ultimately allow placement of all pretest parameter estimates for items

constituting final editions of a test on one common scale. Further, feasibility

4



studies investigating the possibility of pre-equating the SAT (Eigno 1985;

Eignor and Stocking, 1986) have provided results that have been, for the most

part, unacceptable. For these reasons, a somewhat less flexible calibration

design than pre-equating, but certainly more flexible than the concurrent

calibre ion design presently used, was seen as worthy of investigation. This

design, which is called partial pre--alibration, is described first in the

following paragraphs, and then tile results of a feasibility study (Cook, McHale,

Eignor, Petersen, and Dorans, 1985) investigating the possibility of its use are

described. The current InvestIgatIon involves further study of selected results

from the Cook et al. (1985) study.

The essential feature of a partial pre-calibration design is that the items

from the equating test have been calibrated and placed on a common scale prior to

their administration with a new edition of the SAT. (In full pre-calibration,

all the items in the new edition have been calibrated prior to the administration

and placed on a common scale, not just an equating s ion.) In performing the

equating, data is collected from the sample who take the new edition and also the

equating test, for which IRT parameters have been previously estimated. The

parameter estimates for the equating items, which are recalibrated with the n

edition and which already exist on the common scale from a previous calibration,

pr-,,ide the link necessary to place new edition item parameter estimates on the

common scale. With the existence of multiple equating sections containing items

on the common scale comes a degree of flexibility not offered by the concurrent

calibration design. A distinct advantage of the partial pre-calibration d sign

is ehat equating sections are interchangeable; any equating section with iteuti on

the common scale can be administered with the new edition for equating purposes,

not just those equating sections that were given with the old editions to be used



- 4 -

in tS* t'nF as the case for the concurrent calibration design based on

the tfel,,111.g pier (Note that in order for p ttial p -calibr tion to work

an-v o Cktat might be used in the equating must also cont in items on

tb* ) In addition to this greater degree of flexibility, there is a

cOst savings associated with the equating of the new edition in that

the :Lons to be uSed in the equating do not have to be recalibrated with

the w odtion, as is presently the practice-

Once the new edition parameter estimates are placed on the common scale,

multiple equatings to all old editions with item parameters on the common scale

become possible. In the concurrent design, which uses equating plans laid out in

the SAT braiding plan, equating to only the two old editions that were

administered with the common ite_ material is possible. The use of multiple old

editions in the equating process should ultimately improve upon current equating

practice and make scores more consistent fromone administration to another.

As mentioned previously, Cook et al. (1985) conducted a feasibility study

investigating the possibility of using a partial pre-calibration design to equate

new editions of the SAT. In their study, item parameters needed for the

equatings were either estimated through a number of individual LOGIST calibration

runs done specifically for the study or obtained from previous concurrent

calibration runs performed in the context of operational IRT equating. Each o

the calibrations, be they concurrent calibrations previously done or calibrations

dono specifically for the study, produced item parameter estimates on a scale

particular to the calibration run: Parameter estimates from the separate

calibrations ware then placed on one common scale. Among the equating tests

calibrated in any given calibration run i n tuis study was an equating test that

was calibrated in another run. Thus, two sets of parameter estimates existed for



these items that were on difidff_ ent seal s because they resulted from two

different calibration runs. The characteristic curve transformation procedure

(Stocking a IdWrd, 1983) waTE3 used to place the item parameter estimates from the

"current" ruronthe scale (DEM- the parameter estimates obtained in the previous

run. For the study, an exr n=xsive design was developed that permitted placing

item perameterastimates for 24 SAT-verbal editions and 24 SAT-mathematical

editionS on woman se le (ie for SAT-verbal, one for SAT-mathematical) defined

in November 1982when a parti_cular edition of the SAT, designated E8, was first

adminitttred. Items from egmmuating sections that were calibrated along with the

different edttions of the sila7- were also placed on this scale. Further details

and pictorial rapresentetions of these calibration designs may be found in the

Appendi% ot tbspap

Once the calibrations wee compl- ed and all item parameter estimates were

placed on the Ubasesoale, =jit was possible to equate the scores from any

particular dltion of the SAT to the scores from any other edition of the SAT

used in tbe stgy. For purPoeses of the study, the test to be equated was treated

as if it had raver been equatemed previously. IRT true-score equating (Lord, 1980)

then carrdeFout to'the samme two old editions that were ased when the new

edition was equted eperatieriaatlly through a concUrrent calibration design.

Hence, an apProptiate criterin existed in all cases against which to compare the

results of dte0yerimental %roatings; Le, the operational equatings resulting

from the cOricuitreit calibratic=cns which were used for score reporting. As

mentioned previously, the studWy -'esign also permitted equating each new edition

to multiple (trotethan two ) c)L_ci editions. However, the maximum number of old

editions used for the equativ= in the Cook et al, (1985) study was two.
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The results obtained from the= equatings in the Cook et al. study were

somewhat difficUlt to interpret. Some of the equatings agreed very closely with

the criterion equatings based 0: tClie concurrent calibration design and some

produced quite dtscrepant results. Cook et el. also found it difficult to

conclude, based on the residual pl=mxts and tabulations they prepared, wilether or

not a partial pre-calibntion desiagpn appeared to be more feasible for SAT-verbal

than for SAT-mathematicg. For holtat tests, there were a number of equatings that

produced residuals greatarthan 20 scaled-score points. These results led Cook

et al. to quaction very seriously Arthe implementation of a partial pre-calibration

design for either SAT-verbia or WOW-mathematical.

A search for possible explarlaionA .eor why some equatings produced smaller

residuals than others inthe Cook zmmt al. study was not particularly fruitful.

For instance, wheeher or not new 01 old editions of a test were linked to ehe

base scale by a single transformaton or by several transformations, prior to

equating, seemed to havelittle effnect. Efforts to evaluate the effect of

particular equating teststhet were= used more than once also resulted in

conflicting jnformacton. Cook et concluded their paper by listing a number

of additional factors that could ha=-Are possibly affected their partial

pre-calibration resul s;sweral 0r these factors are investigated in detail in

this paper. In summary,Cook et al - felt that it die. not seem unreasonable to

hope that if some of the factors af=fecting the viabilit: of the pa tial

pre-calibration design could be detrmined and controlled, quatings based on

partial pre-calfbration would eventL_Lally provide reasonable results.

PURPOSE

The purpose of thIs study was o investigate, for selected equatings from

the Cook et al. (1985) study, factor=rs that could have possibly affected their



partial p e-calib results. rLt.stt.t ser lee of ice=a parameter

transfornaLio a equatings were crtcci out 14 an atc.sempt to determine if the

poor reults from tke previous %-

trarusEorntLns or the iten2 tx_tions. 8econdly, =Tao factors that could

influarte th transeçmaeLon proces ex ed: 1) ossib10 differences in
the ab13111.ity levels of t:_he aarnplee f ).=-carninees used to c1ibrate the Items used

ed. to the item parameter

for liring purposea , aVed 2) the øa1e existence of d-.- fferential ivera\
functiormming of the linkkig items hrl-le samples taed to c librate the data, 'the

1

results of t-wc recently qompleted 4tmok__Ues
t

Eignor, and VingersIcy, 191) Sligtteav 01-rnat these two factom.rs are viable candidates
for expiaining the poor p rtial pre,c01:1Libration results ial the Cook et al. 1985)

study.

Stclin8 and Eig-nor ( 986 provi6euted sLmulatoo resuL=s that have

implicat=ions for the p -ces of equottnareg when the are 1..srge differences in

ability 7-between equa.ving s ples. `Thtesese researchers were interested, i what

effects -the ability levels Ctif the 1nles used would have on three-parameter
I

logistic model parameter estImnates ant e subse enc equating results. Using LOCIST

(Stoeldrg and ignor. 1985; Cooic,

for estimTn tion purposes , thei, found tIlistz-t diff erer1eo in roan true ability between

samples wmieed in euuavtrtg can \cause diVce-erences in the prei=ision with which
param tes ate estimated, ordirt wheil 010 test data fit the particular model
The effet o f this dIfferendial pretiOrpon in estimation o=7). test equating can be
substantal if the s.a.rnples n to ba4ieete fairly large diferences in true ability

Ia difference in rrieens-j)i- one oz nreireore standard devitions on the ability
scale). A more detailed e%plhnation for-sr why differences Ln mean true abillties
can cau.s cliff rences ire the preci5ion ov=Af the paranreter etimates can be found ln
Stocking and Eignor (1986; pp%11-1,3) ,

9



cook, Nnor, and taingersky (1987) investigated the effects on equating

results of ammn item ections tZDhat contained a few items whose item response

fundtions watenot Wv11 fit by th.e three-parameter logistic model and of common

item sections that corovained a EVIGNW items on which the two groups taking the

common item sectjon resp-cnded di_f-Ferently. Their study was also carried out

using the tkee-paramete=logisti4-2. item response theory model and Monte Carlo

procedures. So that the simu1ate c=1 data reflected actual test data, the true item

parameters iero tak n frm the est=imated parameters obtained from LOCIST

calibrations of item resipcnses obt=ained from selected administrations of the

verbal sections of the SAM'. Thes effects were investigated using both -he

concurrent calibration aradtite chamaracteristic curve transformation linking

procedures farvarying la-ambers of common items. The effects of these common item

sections were gudied usii-ng a uniaEorm ability distribution and certain

charact ristksof the pmrameter r- .stimates for the common items (i.e., the

parameter estimates for he items all had small standard errors of estimation)

selected as a result of .11e findin_gs of a previous study (Wingersky. Cook, and

Eignor, 1986),

Resultsofthe Coolc et al. (1-2-1987) study indicated that equatings,

particula lythose obraitmed using characteristic curve transformation design,

are seriuus1yaffected by- the presamenL -7f linking items that function differently

for the two gmps used t-do provide data for the equating and calibration. This

is particulaTly'true for =shorter 13ELnking tests. They concluded that the quality

of an equattmgdepends s hat, c=ra prior screening of linking tests and removal

of items thatfunction dirlFferently for the two groups.
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METHODOLOGY

_haice_o_f_Equatinga to_Studx.

From the verbal and mathematical experimental equatings e , equatings

based on A partial pre-calibration design) in the Cook et al. (1985) study, one

verbal and one mathematical equating was.chosen for further study. Each of these

equatings actually involved a pair of single equatings that were averaged, i.e.,

a pair is an equating of one new test eeition to two old editions. The specific

verbal and math equatings were chosen uecause: 1) one equating in the pair that

were averaged gave excellent results when compared to the operational concurrent

calibration critern equating While the second equating in the pair gave

extremely discrepant results, and 2) the parameter estimates for the new edition

to be equated in each case came from the operational concurrent calibration run

from which equating results used for score reporting were derived. This allowed

some special analyses, described in detail later in the paper, to be developed.

These analyses were used to explore the calibration runs in an effort to

determine if the discrepant equatings resulted from problems with the estimation

process or with the item transformation process.

In rigure 2, the equating relationships among the editions chosen for

further study are depicted; these relationships are defined in the SAT braiding

plan (Angoff, 1974). Upper case letters and nuMbers designate operational

editions; lower case letters designate equating sections. The equating sections

depicted in Figure 2 are those used in the concurrent calibration of the new and

old editions.

- ---- ---
Insert Figure 2 about here- ---- --------

1
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Figure 3 contains portions of the SAT-verbal and SAT mathematical pa al

pre-calibration transformation plans presented in Cook et al. (1985) and in the

Appendix of this paper. In each case, the portion depicted contains the specific

editions being investigated in the current study. In the Cook et al. (1985)

study, for both SAT-verbal and mathematical, all parameter estimates for the

editions to be equated were transformed to the scale defined by Edition E8 ( un 1

in Figure 3), using the characteristic cu e transformation method (Stocking and

Lord, 1983), and then the equatings were performed. For SAT-verbal, the E7 to C5

equ__ing, after placing all parameter estimates on the E8 scale, gave inferior

results when compared to the criterion equating from the concurrent calibration

while for SAT-mathematical, the F3 to E3 equating gave inferior results. Figure

4 contains residual or difference plo s for the four individual verbal and

mathematical equatings being studied. In each case, raw (formula) score

differences (partial pre-calibration results minus concurrent calibration

criterion results) are shown for the range of possible raw scores.

----- -----------
Insert Figures 3 and 4 about here

Exploration of_CalIbration Runs

In an attempt to explore possible explanations for the differences in

quality of the individual SAT-verbal and SAX-mathematical partial pre-calibration

equarings under study, additional item transformations and equatings, making use

of data from the Cook et al. (1985) study, were performed. Most of the equatings

and transformations made use of parameter estimates for the editions involved

that had already been placed on the base scale

previous study (Cook et al., 1985).

12

n 1 in Figure 3) as part of the



Item Parameter Estimate Transformations

The first set of experimental transformations and equatings carried out f

this study were performed in an attempt to assess how well the transformations

used for the partial pre-calibration study (Cook 1985), placed the item

parameter estimates for editions used in the equatings on the same scale.

Reference to Figure 3 will be useful in understanding the description that

follows. In the previous study, SAT-verbal old edition B7 was calibrated in two

sepa ate LOGIST runs, run 2 (which also contained new edition E7) and run 4;

parameter estimates obtained in both runs were then placed on the scale defined

by n 1. The same sort of situation existed for c-1 edition C5 in that it was

calibrated separately in runs 2 and 3. After parameter estimates for test

editions calibrated in runs 2, 3 and 4 were placed on the scale of run 1, new

edition E7 (calibrated in run 2) was equated to old editions G5 and B7

(calibrated in runs 3 and 4, respectively).

One was to assess whether or not parameter estimates for the separate

calibration runs shown in Figure 3 were adequately placed on their respective

verbal or mathematical run 1 scales is to compare the transformed parameter

estimates for, say, verbal edition C5 as it appears in runs 2 and 3. That is,

compare the transformed parameter estimates for this edition resulting from the

specific transformation- carrIed onl- fol.- the partial _e-calibra

make comparisons such as the one just described, a series of additional item

parameter transfo-Ations and test equatings were carried out.

To

First, referring to the SAT-verbal part -f Figure 3, the characteristic

curve transformation procedure (Stocking.and Lord, 1983), the same procedure -hat

was used for the partial pre-calibration study to place runs 2-4 on the scale of

run 1, was used to place runs 3 and 4 directly on the scale of run 2. For this

13
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experimental transformation, all 85 it ms in edition 87 (or C5) were used as the

linking test. Next, the linear parameters derived from the transformation of 57

item parameter estimates in run 4 to the scale of Bi parameter estimates in run 2

were examined, along with the linear parameters obtained from the transformation

of item parameter estimates for edition C5 in run 3 to the scale of item

parameter estimates for edition C5 appearing in run 2. If the item parameter

estimates of the respective test editions were on scale together as a result of

the partial pre-calibration study transformations the linear parameters of the

transformations obtained by this "direct link" approach should be very close to

those of a 450 line, i.e., a line with a slope of ona and an intercept of zero.

Similar transformations were carried out to investigate the partial

pre-calibration results for ehe selected SAT-mathematical editions described in

Figure 3. All special transformations carried out for this portion of the study

are summarized in Table 1.

Insert Table 1 about here
-------- ----- ------------

In addition to the tra sformations described above, special equatings were

carried out to gather additional information regarding whether or not the

transformations used for the partial pre-calibration study succeeded in placing

item parameter estimates for the separate calibration runs on their respective

verbal or mathematical run 1 scales. Referring again to the verbal portion of

the calibration scheme depicted in Figure 3, test editions 57 and C5 were equated

to themselves using one set of item parameter estimates that were the result of

the previously described direct link transformations and a second set of item

parameter estimates that were the result of the transformations carried out for

the partial pre-calibration study. For example, edition 57 appearing in r n 4
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that had been placed directly on the scale of run 2 (parameter estimates

resulting from the direct link transformation; subsequently referred to as run

4*) was equated to edition 37 appearing in run 4 (parameter estimates resulting

from the transformations carried out from the partial pre-calibration study).

Similar equatings to those carried out for the verbal editions were carried out

for mathematical editions C3 and E3. These equatings are referred to in Table 1

as special equatings 1.

The results of -pecial equatings 1 wire interpreted in the following manner.

If the transformations carried out for the partial pre-calibration study resulted

in placing the calibration runs on their respective verbal or mathematical run 1

scales special equatings I should provide equating relationships represented by

a 450 line. Any deviation from the expected results of equating a test to itself

were interpreted as indicating a problem. ith the item parameter transformations

developed in the partial pre-calibration study.

The final set of equatings that were carried out to examine the

transfo ations resulting from the partial pre-calibration study are referred to

in Table 1 as direct link equatings. These equatings did not involve equating an

edition to itself, but rather involved equating a new edition to an old edition

of the test (e.g., verbal edition E7 to edition C5). For the new editions of the

test, the equatings used run 2 item parameter estimates that were a result of the

transfo ations carried out for the partial pre-calibration study. Transformed

parameter estimates for the old test editions used in these direct link

equatings were obtained by tha transformations described previously, which used

the entire 85 item verbal or 60 item math test to place item parameter estimates

directly on the respective run 2 scales. The direct link equating results were

then compared to the equating results derived us ng the concurrent calibrations

15
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and partial pre-calibration s udy tvansformations of the same new and old

editions.

The following example should clarify how the direct link equatings were

carried out and how the results were interpreted. Consider SAT-mathematical new

edition F3 (run 2) and old edition E3 (run 5) where the E3 parameter estimates

have additionally been placed on the scale of run 2 by the dire t link

transformation, i.e., E3 (run 5)*. An equating of F3 to E3 under these

conditions (referred to as a direct link equating) can be compared to the partial

pre calibration equating of F3 to E3 done in the Cook et al. (1985) study and to

the Cook et al. criterion concurrent calibration equating of F3 to E3. If the

partial pre-calibration results are the outlier, this can be taken as a further

indication that the linkage of E3 in run 5 to the base scale (run 1) was

inadequate. Equatings such as the one just described for the mathematical new

edition F3 and old edition E3 were also carried out for mathematical new edition

F3 and old edition C3 and for verbal new edition E7, equated to old editions C5

and 87, respecttvely.

Errors of E timation

Another possible source of the discrepant partial pre-calibration study

equating results obtained for the equating of verbal edition E7 to edition C5

and the equa ing of mathematical edition F3 to edition E3 is errors of

estimation for the item parameters calibrated in the separate LOGIST runs. The

,equatings designated in Table 1 as special equatings 2 were carried out in an

attempt to explore the possibility of estimation errors.

Referring again to the verbal portion of the calibration scheme depicted in

Figure 3, test editions 87 and C5 were equated to themselves using one set of

item parameter estimates that were the result o the previously described direct

1 6
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link raiisformations and a second set of parameter estimates resulting from the

transformations carried out for the partial pre-calibration study. For example,

edition C5 appearing in run 3 that has been placed dir-ctly on the scale of run 2

(param- er estimates resulting from the direct link transfor ations and

subsequently referred to as run 3*) was equated to edition C5 appearing in run 2

(parameter estimates resulting from partial pre-calibration study

transformations). These equatings should result, once again, in a 45' line, if

the direct link transformation is viable and if errors of estimation did n-

seriously affect the parameter estimates of the items in the test edition as it

appea in the separate calibration runs. Since the direct link transformations

are based on a single transformation using a linking test containing 85 items, it

Seems reasonable to assume that any discrepancy from a 450 line obtained by the

equatings is related to estimation errors in the two calibration runs of

interest. Special equatings 2 were carried out for the two verbal and two

mathematical equatings investigated in this study.

Differences in Abillly_Levels of Sam les

As mentioned previously, Stocking and Eignor (1986) demonstrated the effec

that the ability levels of samples used in three-parameter logistic model

calibrations can have on subsequent IRT equating results. The results of the

Stocking and Eignor (1986) study may be of relevance in explaining the Cook et

al. (1985) poor partial pre-calibration results. If, for example, the ability

levels of the groups used in calibration runs 2-4, for the verbal test editions

identified in Figure 3, are widely l'sparate from the ability level of the group

in calibration run 1, then these differences may be large enough to cause

problems for the calibration procedures used. For SAT-mathematical, an

additional relevant comparison would involve comparing the ability level of the

17
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group in calibration run 5 to that of run 4. Raw score means and standard

deviations on the common item linking sections between the calibration runs

identified in Figure 3 were used to provide an indication of possible differences

in ability levels of the samples.

Differential IteiT unctioni Linki- Te ts

As mentioned earlier. Cook et al. (1987) demonstrated the effect on IRT

equatings of contamination of linking item sets through the presence of a few

linking items that functioned differently (DIF items) for the two groups used to

provide data for equating and calibration. In the Cook et al. (1985) study, the

presence of DIF items in the common item linking sections could have affected

equating results for the partial pre-calibration equatings as well as for the

criterion concurrent calibration equatings. If DIF items were present and did

have an effect on partial pre-calibration results, one would suspect more such

items, or items exhibiting extreme differences, for the SAT-verbal and

mathemati 1 partial pre-calibration equat

i.e., E7 to C5 for verbal and F3 to E3 for

For the partial pre-calibration runs

gs that provided inferior results,

hematical.

two separate sets of parameter

estimates exist for each linking item from each of the separate calibrations.

Plots of the item characteristic curves (with parameter estimates on a common

scale) from the separate calibrations were obtained. In addition, as a measure

of the discrepancy between the item characteristic estimated in the

separate calibrations for each common item, a weighted mean absolute difference

MAD) value was calculated. Using all individuals in the larger of the two

samples taking each linking item, the absolute difference between the two item

response functions for each person (i.e., value of 6) was ob-ained and then

averaged over individual!).
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Referring to Fiisure 3, the following linking sections were studied using ihe

above described plot and index. For SAT-verbal, ehe common item sections linking

runs 2-4 to run i (gw linking 2 to 1, gs linking 3 to 1, and gw linking 4 to 1)

were studied. For SAT-mathematical, the common item sectioil linking runs 2-4 to

run 1 (gh linking 2 to 1, gh linking 3 to 1, hf gt linking 4 to 1) and run 5 to

run 4 (gj) were studied. It should be noted that hf gt constitutes a pooled

linking section containing twice the number of items (50) than is contained irv

the usual SAT-math -atical equating or common item section. Reasons for using a

pooled linking section to lInk these runs can be found in Cook et al. (1985),

t m a ameter Estima

RESULTS

Exploration ofTrinEffIrmation Runs

Tran orm

Table 2 contains the linear parameters obtained from the previously

described direct link transformations. The two verbal transformations consisted

of placing Item parameter estimates obtained in calibration runs 3 and 4 on the

scale of run 2 (see Figure 3) using the 85 items contained in either edition C5

or edition 97 as the linking test. Similarly, the transformations carried out

for the two SAT-mathematical editions consisted of placing the parameter

estimates obtained in calibration runs 3 and 5 on the scale of run 2 using the 60

item E3 and C3 editions as linking tests.

Insert Table 2 about here
---- = §--

The information provided in Table 2indicates that verbal editi-on 87 and

mathematical edition C3- appearing _n runs 4 and 3 respectively, were very nearly

on the same scale as th3se same editions appearing in the verbal and mathematical
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calibration runs the slopes and intercepts of the linear transformations

are close to one and zero. On the other hand linear parameters obtained for the

transformation runs that placed verbal edition C5 and mathematical edition E3

directly on the scales of the verbal and math run 2 calibrations indicate that

ehese editions were not adequately placed on their respective run I scales by the

partial pre-calibration study transformatrons. This information leads one to the

conclusion that the transformations carried out for the partial pre-calibration

study, designed to place the item parameter estimates for verbal calibration run

3 and mathematical calibration run 5 on the scale of their respective run 1

calibrations, w re not successful.

Figure 5 contains difference plots for the two types of special equatings

that involved equating a test edition to itself; these were described earlier in

the text and in Table 1. Only tb; results of special equatings 1 are relevant

for the present discussion. Special equatings I involve equating an old edition

of SAT-verbal or SAT-mathematical to itself using Item parameter estimates that

are the result of the transformations carried out for the partial pre-calibration

study and parameter estimates that are a result of the direct link

transformations. The difference plots contain discrepancies (In raw score units)

between special equating results and the identity transformation (special

equating results minus identity transformation) for the full range of possible

raw scores.

---_---_-- _

Insert Figure 5 about here

The difference plots contained in Figure 5 for special equatings 1 are

designed to assess how well the partial pre-calibration study transformations

placed item parameter estimates for the editions used in the respective equatings

0
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on lie same scale. These plots show very different results for the old editions

involved in problematic partial pre-calibration equatings (C5 for SAT-verbal, £3

for SAT-mattmatical) than for the old editions involved in the non-problematic

partial pre-calibration equatings (B7 or GAT-verbal, C3 for SAT-mathe- cal).

As can be seen from examination of these plots, equating editions C5 and £3 to

themselves resulted in fairly large residuals when compared to the identity

transformation. In contrast, residuals obtained from equating editions B7 and C3

to themselves were quite small. The plots proll.Lle a clear indication (as did the

proviously described transformation runs) that the editions used in the

problematic partial pre-calibration equatinv were not adequately placed on their

respective run 1 scales by the transformations that were carried out for that

study.

Figure 6 contains difference plots for the final set of equatings summarized

in Table 1, referred to as direct lit% equatings. The four equatings shown in

Figure 6 represent SAT-verbal new edition £7 equated to old editions C5 and B7

and SAT-mathematical new edition F3 equated to old editions C3 and £3. Recall;

parameter estimates for the direct link equatings were placed on scale by a

single transformation using ehe respective 85 item verbal or 60 item mathematical

test edition as the linking tes_ The direct link equatings are compared to

equatings obtained using parameter estimates placed on scale by transformations

carried out for the partial pre-calibration study and also to the criterion

concuIrent calibration equatings.

Insert Figure 6 about here

Examination of the cliff, -ence plots shown in Figure 6 reveals that the

equatings based an the dir link transformations agree very closely with the
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criL,Irion concurrent calibrati equatings. The outlier equatings are clearly

the SAT-verbal E7 to C5 equating and the SAT-mathematical F3 to E3 eqUating based

on the partial pre-calibration study transformations. These results noc only

confirm previous evidence that the transformations for the partial

pre-calibration study failed to place verbal editions E7 and C5 and mathematical

editions F3 and E3 on scale together, they also (by their close agreement with

the equatings barad on the concurrent calibrations) substantiate the use of the

concurrent calibration equatings ascriterion equatings for the study.

Errors of Estimation

As mentioned previously, one possible source of the discrepant results

obtained by equating verbal edition E7 to C5 and mathematical edition F3 to

edition E3 might be errors of estimation that occurred during item calibration.

To explore this possibility, special equatings 2 (see Table 1) were carried out.

Recall, special equatings 2 involved equating a test edition to itself using one

set of item parameter estimates that were the result of the direct link

transformations and a second set of parameter estimates resulting from the

transformations carried out for the partial pre-calibration study. These

equatings should result in a 450 line, if the direct link transformations are

viable and if errors of estimation did not seriously effect the parameter

estimates of the items in the test edition as it appears in the separate

calibration runs.
a

Figure 5 contains difference plots resulting from equating a test to itself

for each of the old editions used in this study; verbal editions C5 and B7 and

mathematical editions C3 and E3. The results of interest for this discussion are

those showing a comparison of special equatings 2 to the zero residual line. As

can be seen from an inspection of the plots, the residuals resulting from special

22
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equatings 2 are very small, indicating close agreement between the item pa ameter

estimates obtained for the respective test editions as they appeared in the

separate calibration runs. The results of special equatings 2 can be interpreted

as indicating that estimation error is not a plausible explana ion for the poor

equatings obtained for editions E7 to C5 and F3 to E3 in the partial

pre-calibration study.

AhIlit eve1s

One possible explanation for the poor results obtained for the

transformations carried out for the partial pre-calibration study might be

differences in the ability levels of samples used to calibrate linking items

administered with the new and old test editions. Table 3 presents summary data

on performance on equating sections used to pravide the links between adjacent

calibration runs in the sections of the SAT-verbal and SAT-mathematical partial

pre-calibration linkage systems being studied. Means and standard deviations are

reasonably similar on the equating sections for groups used in the separate

calibrations, with one notable exception. Mean performance on SAT-verbal

equating section gw is quite different for the groups involved in calibration

runs 1 and 4--about a third of a standard deviation different. In the Stocking.

and Eignor (1986) study, at around this level of difference in ability the

researchers began to note some small differences in equating results due to

differences in the precision with which the parameters were estimated. Hence,

the Stocking and Eignor results could prove useful in explaining the poor Cook et

al. (1985) partial p -calibration results except for the fact that equating

secion gw, connecting calibration runs 1 and 4, provides the link that places

old edition 37 on the base scale (run 1). As seen in Figure 4, the partial

pre-calibration equating of new SAT-verbal edition E7 to old edition 37 provided
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excellent results when compared to the concurrent criterion. For the linking

sections involved in the inadequate partial pre-calibrations (gs linking runs 1

end 3 for SAT-verbal, hf gt linking runs 1 and 4 and gj linkine runs 4 and 5

for SAT-mathematical), ability levels of the two groups used in the calibrations

and subsequent linkings were reasonably similar. In sum t woUld appear that

differ nces in the ability levels of the samples used in calibration and linking

is not a major contributing factor to the poor partial pre-calibration equating

results under study.

Insert Table 3 about here------- s

DifferentIal Item Func nk Test-

Since differential item functioning (DIP) was found to be a major factor in

the adequacy of transformations carried out for the study by Cook, Eignor and

Wingersky (1987), the presence of DIF in the comm n item linking sections was

studied f,r the partial pre-calibration equatings. For this aspect of the study,

major emphasis was placed on the weighted mean absolute difference MAD) index in

deciding on which items exhibited DIF to a degree that re oval from the linking

section seemed reasonable.

Figures 7 and 8 contain ordered stem and leaf diagrams of mean absolute

differences (MAD) between item response functions for the SAT-verbal and

SAT-mathema ical equating sections after application of the partial

pre-calibration study transformations. Careful consideration of the

distributions of these MAD values, in conjunction with plots of the item

characteristic curves derived from the two calibrations for each linking item,

led to the decision that a MAD value greater than .035 wculd provide an

2 4
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indication of DIF. This cut-off is represented by the dotted line in the stem

and leaf diagrams in Figures 7 and 8.

--

Insert Figures 7 and 8 about here

Use of the .035 cut-off as an indication of DIF led to the identification of

a small number of SAT-verbal and SAT-mathematical Items that should possibly be

removed from the partial pre-calibration linking sections. The item response

functions for these items (on the same scale), derived from the separate

calibrations, are presented in Figures 9 and 10. Consistent with expectations,

sections linking editions exhibiting poor partial pre-calibration equating

results (gs linking runs 1 and 3 for SAT-verbal, hf+gt linking run 1 and 4 for

SAT-mathematical) contained a greater number of DIF items than did sections

linking editions that provided acceptable partial pre-calibration equating

results.

Insert Figures 9 and 10 about here

The study of the presence of DIF items in the concurrent calibrations proved

to be a difficult task in that only item parameter estimates based on the

combined group of examinees responding to the linking items were available (see

Figure 1). Thus, a summary index, such as MAD, could not be calculated. Because

no procedure that paralleleo the one employed to remove DIF items from the

linking tests used for the partial pre-calibration transformation runs could be

applied to the concurrent calibration linking sections, a decision was made not

rerun any of the criterion concurrent calibrations with items removed. The
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implications of this decision will be discussed further in the conclusion

section.

Partial Pre-calibration this withDIF Items Removed

Items in the linking sect ons connecting partial pre-calibration equating

calibration runs having MAD values greater than the .035 off were removed

from the linkin6 se tions and the characteristi curve transformation runs were

redone. Figure 11 presents difference plots for the partial pre-calibration

equatings with DIF items removed (referred to as current partial pra-calibration

equatings) along with the previous partial pre-calibration results and the direct

link equating results. The criterion in these plots is again the concurrent

calibration equating results.

Insert Figure 11 about here

For the poor partial pre-calibration equatin s (E7 to C5 for SAT-verbal, F3

to E3 for SAT-mathematical), removal of DIF items resulted in modest reductions

in raw score differences when compared to the criterion concurrent calibration

equating results. In other words, the current partial pre-alibration equating

results provide only a slight improvement over previous results that were

considered problematic. For the acceptable partial pre-calibration equatings

from the Cook et al. (1985) study (E7 to 87 for SAT-verbal, F3 to C3 for SAT-

mathematical), removal of DIF items did not improve the partial pre-calibration

results much at all and in some places on the score scale, differences from the

criterion concurrent calibration equatings were increased slightly.
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CONCLUSION

The purpose of this study was to thvosrigace factors that may have led to

poor partial pre-calibration equating re ults in a previous stuay (Cook et al.,

1985) and to attempt to improve on the poor partIal pre-calibration results.

First, a series of item parameter transformations and equatings were carried out

in an attempt to determine if the poor results from t'e previous study were

related to the item parameter transformations or calibrations. Convinced that

the problem equatings were a result of the transformations, the authors then

focused on 1) possible differences in the abI1iy levels of the samples used to

calibrate the items used for linking purposes, and 2) the possible existence of

differential item functioning of the linking items for the samples used to

calibrate the data.

Examination of summary performance data for samples taking sections linking

editions exhibiting poor partial pre-calibration results led to the conclusion

that ability differences were not a major contrlbutorto poor equating results.

Removal of DIF items from sectIons linking editions exhibiting poor partial

pre-calibration equating results led to only modest improv ments in these results

when compared to the concurrent calibration criterion equatinge. These results

seem to run counter to those observed by Cook, Eignor, and Wingersky (1987) when

these researchers simulated DIF items in common item linking sections. However,

the DIF items used in the Cook, Eignor, and Wingersky study exhibited much

greater differences in item parameter estimates d hence, much larger MAD

values) than the items assumed to be demonstrating DIF in this study. In sum,

either or both of these factors do not appear to be the sole contributors to tha

poor partial pre-calibration equating results in the Cook et al. (1985) study.
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One criticism of this study lies in the fact that no items potentially

exhibiting DIF were removed from the concurrent calibrations and subsequent

equating results. Had such items been located and removed, differences between

the partial pre-calibration equating results (with DIF Items removed) and

concurrent calibration equating results may have decreased more. However, it

should be recalled that the direct link equatings, based on entirely different

linking tests, agreed closely with the concurrent calibration equatings. Thus,

it seems reasonable to assume that new and old editions were placed on scale

properly by the concurrent calibrations (in spite of any DIF items that might

have been present) and that equating discrepancies from this criterion indicate

poor results because the partial pre-calibration transformations carried out with

and without removal of DIF items did not result in the editions being on scale

together.

The results of this study, which indicate that removal of DIP items from a

linking or equating test do not substantially improve equating results, Are

difficult to accept. It has long been common practice to inspect items for DIP

and to remove those exhibiting substantial differences when carrying out

conventional equating procedures. Cook and Petersen (in press) summarize

research conducted to investigate properties of linking items and how these

properties affect equating results. They conclude, using research by a variety

of investigators, that one must be very careful that linking 'tests represent, as

much as possible, identical tasks for groups of examinees who take the new and

old editions of a test to be equated, i.e., the presence of differential item

functioning can have a serious effect on equating results.

A question of inter- t for the present study then is, why didn't removal of

the items exhibiting DIF have a substantial effect on the equating result

28
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There are a number of possible explanations that can be offered for the results.

First, perhaps the procedures used to detect DIF were inadequate. Recall, DIF

was determined by the use of the MAD index and corroborated by visual inspection

of plots of item response functions. It is possible that a non-IRT approach,

such as the use of the Mantel-Haenszel (Holland and Thayer, 1986) or

standardization (Dorans and Kulick, 1986) statIstics, may prov de a better means

of identifying DIF items.

Secondly, the study carried out by Cook, Eignor and Wingersky (1987)

examined the effect of including two items each exhibiting a substantial amount

of DIF in a single direction (i.e., both items biased against the same group) in

the linking test. Perhaps a more likely occurrence w uld be a small number of

Items exhibiting DIF, but in opposite directions; thus having a neutralizing

effect on each other. Or, a typical situation may be a fairly large number of

items each exhibiting small but consistent DIF in a single direction, and hence

having a cumulative effect on the transfor ation and, ultimately, the equating

results. It is possible that either of these two situations existed for linking

tests used for the partial pre-calibration study, but the procedures decided upon

detect DIF were not adequate to isolate such occurrences.

To summarize, the results of the specific inv s igations carried out in the

present study did not provide an explanation for the poor equating results

obtained in the p rtial pre-calibration study. This is particularly

disappointing since the results of two simulation studies (Cook, Eignor and

Wingersky, 1987; Eignor and Stocking, 1986) strongly indicated that the

problematic results could be related to either differences in ability levels of

samples used to calibrate the linking tests or the presence of DIF items in the

linking tests or both.

29



- 28 -

The of the study dc provide an ind"cation that leinacies=auate

partial pr Irsbration. equating results from the Cook et al (1985) sEztucly we e

related to the Etfact that editions used in the problematic equ.atings vitre not on

scale togethet immas a result of application of the characteristiccurva

transformation procedure. It is apparent that some other fa

besides ability level differences and the presence of DIP itemsmst 1:xe

influencing thoszse transformations. Given that the characteristic clat-va
traniformation pc3rocedure is a frequently used procedure by IR7pmctft-lomrs

involved tn eqvasatingmmd differential item functioning studie5,this i. clearly

an area where fularther research should be emphasized.

/kad
DE\AERACHAR
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Figure 1: Concurrent calibration designs for SAT--krerbal and
SAT-mathematical. (The "Xs" indicate =.2-1.e tests
taken by the respective samples.)
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Depiction of equating relationships among the
SAT-verbal and SAT-mathematical editions chosen for
further study.
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Figure 3: Portionsof-verbal and SAT-mathematical partial pre-calibration
transformaticwri plans containing specific editions under investigation
in thiestal57-. Upper case letters and nuMbers designate operational
editions; loear case letters designate equating sections. Parameter
estimatesfor the partial pre-calibration equatings came from the
editions aiat= are circled. Numbers identify specific calibration
runs.
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Figure 5

Plots of Raw-Score Equating Differences Derived from a Comparison
of Special Equating Results to the identity Transformation
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study.
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Figure 7

Stem and Leaf Diagrams of Mean Absolute Differences (MAD) Between
Item Response Functions for SAT-verbal Equating Sections
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Stem and Leaf Diagrama

Figur

AbaolUt0 DiCiaccas MAD) Between
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Figure 9

Plots of Item Response Functions for Items Removed from
SAT-verbal Equating Sections
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Figure 10

Plots of Item Response Functions for Items Removed _ om
SAT-mathematical Equating Sections
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Figure 10 (continued)

Plots of Item Response Functions for Items Removed from
SAT-mathematical Equating Sections
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Figure 11

Plots of Raw-Score Equating Differences Derived from a Comparison of Previous
Partial Pre-calibration, Current Partial Pre-calibration and Direct

Link Equating Results to Concurrent Equating Results for SAT-
verbal and SAT-mathematical Editions Being Studied-
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1
-Previous partial pre-calibration results were.taken from Cook et al. (1985) equatings.
Current partial pre-calibration resulta involve same editions and linkings as previous
results except that items exhibiting DIE have been removed from common item linking
sections. Direct link equatings are described in Table 1.



Old Edition

Transfo=ation

Parameter estimates
for Equating 1

Parameter estimates
for Equating 2

Table

Summary of Special E,uatings For ormed to Ttudy
Linking Problems and Estimation Errors

SAT-Verhal

C5 (run 3)
2

plac,.d
an scale of run 2
using 55 items,
i.e., 55 (run 3)*-

C5 (run
C5 (run

55 (run 3)* to
55 (run 2)

Varameter timates E7 (run 2) to
for Direct Link 55 (run 3)*
Equating

7

37 (run 4) Placed
on scale of run 2
using B7 items,
i.e., 87 (run 4)*

AE Erm.

53

53 (run 3) placed
on scale of X= 2
using 53 itema,
i.e., C3 (run 3)

E3

E3 (run 5) placed
on acale of run 2
using E3 items,
i.e., E3 (run 5)*

B7 (run 4)* to 53 (run 3)* to E3 (run _
37 (run 4) 53 (run 3) E3 (run 5)

B7 (run 4)* to 53 (run 3)* to E3 (run 5)* to
87 (ran 2) 53 (run 2) E3 (run 2)

E7 (run 2) to F3 (run 2) to 13 (run 2) to
37 (run 4)* 53 (run 3)* E3 (rUn 5)

2-
Faxameter estimates for all editions used in these equatings have a
scale (run 1 in Figure 3) as part of the C00% et al. (1985) study.

2
The run, dentifiod in Figure 3. from which the parameter estimate
parentheses, i.e., C5 parameter eatimatee from run 3 in Figure 3.

_ dy been placed on the base

identified in

3The asterisk indicates that the parameter estimates have been transformed to the scale of a
different calibration run identified in Figure 3.



Table 2

Linear Parameters Obtained from Direct Link
Item Parameter Transformations

Linear_Parameters
Teat New Editlori Base Edit CrwnonItems Slope Interoet

SAT-verbal B7 (run 4) B7 (run 2) B7 .9996 .0183

SAT-verbal C5 (run 3) C5 (run 2) C5 1.0931 .0373

SAT-mathema al E3 (run 5) E3 (run 2) E3 .9042 -.0278

SAT-mathemat 1 C3 (run 3) C3 (run 2) C3 1.0073 .0148
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Table 3

Equating Section Summary Data for Adjacent
SAT-verbal and SAT-mathematical Calibrations

SAT-verbal

LquaLing Section EaLIAMing_5mianEquating Calibrttion
Section _Run- Mean S.D.

Calibrat
Run Mean S.D.

1 16.53 7.80 2 16.67 8.07

1 16.11 7.82 3 16.06 7.95

1 16.53 7.80 4 14.07 7.90

SAT-mathematical

Equating
Section

Calibrition
Run

Eatj-ction
Calibration

Run

BaUAting_Section

Mean S.D.Mean S.D.

gh 1 8.85 5.54 2 8.41 5.75

gh 1 8.85 5.54 3 8.40 5.51

hf-vgt 1 19.68 ----2 4 20.01

_j 4 9.91 6.11 5 9.23 6.14

1Rafers to specific calibration run identified in Figure 3.

2Could not be calculated from available data.
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4 7



Pa tial Pre- al'bration Tra Plan Linka

An elaborate linkage system was devised in the Cook et al. (1985) study to

allow placement of item parameter estimates on a common scale so that IRT

eq4ating r sulting from a partial pre-calibration design could be investigated.

Figures A-1 and A-2 illustrate the design used for the verbal and

mathematical sections, respectively. Each figure depicts the linkages necessary

to place nine new editions, fifteen old editions and asso iated equating tests

on the base scale. It should be noted that upper case letter and number

combinations indicate operational sections of the SAT, lower case letters

indicate equating sections boxes with solid lines enclose old test editions and

boxes with dotted lines indicate new test editions.

Lower case letter combinations, or occasionally, upper case letter and

number combinations indicated above the arrows in Figure A-1 and A-2 denote

common items that were used to place item parameter estimates from separate

calibrations on a common scale via the characteristic curve transfo mation

procedure (Stocking and Lord, 1983).

For SAT-verbal, the calibration run containing new edition E8 and eight

equating sections, which were administered in November 1982 was used as the base

item parameter scale to which all other sets of item parameter estimates were

scaled. For example, item parameter estimates on a common scale exist for new

verbal editlonE7 and equating test gw from a previous concurrent calibration run

(which is fully depicted in Figure 3 in the text). Item parameter estimates for

gw also existed from the calibration run used as the base scale. The item

parameter estimates for gw that were on scale with those for verbal edition El

were scaled to those that are on the base E8 scale (using the characteristic

curve transformation thod). The resulting transformation was then applied to
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the item parameter estimates for verbal edition E7 to convert them to the verbal

base scale. The item parameter est.mates for each new and old edition listed in

Figure 2 were converted to the base scale in a similar manner to that just

described for verbal edition E7. For some editions, more than one scaling was

required to convert the item parameter estimates to the base scale. For example,

item parameter estimates for edition Fl were converted to the same scale as those

of edition E9 through equating test hy, which was then converted to the base

scale through equating test gq. Item parameter esti ates for new editions F5 and

F6 were placed on scale in several different ways in the Cook et al. (1985)

study. Those for verbal edition F5 were placed on scale using items from either

equating section he or equating section gs or from the pooled he and gs equating

sections. In addition, new editions F5 and F6 were uSed to study the effect of

both full pre-calibration and pre-equating in the following way. Approximately

50% of the items contained in both editions were placed on the base scale as

pretest items administered with test editions D6, E5 and E6. The remaining 50%

of the items were placed on scale when they appea ed in the finil editions of F5

and F6, which were calibrated at their respective initial administrations. Item

parameter estimates from these different calibrations were assembled (after they

had been placed on the E8 scale) into pre-calibrated editions F5 and F6. The

editions were then equated (simulating pre-equating) to their respective old

editions.

The linking plan for SAT-mathe a ical (depicted in Figure A-2) is virtually

identical to the plan previously described for SAT verbal. The only difference

between Figures A-1 and A-2 are the lower case letters used to designate the

equating sections.
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r---
ES,gq,gy,hts.h

I ge,h1t.ggaw

r
El,g14

Elgtore A..1

SATVerbal Transformation Fl

C5,gs

117,E1,gw

D5.1s;

E9,gq,tY
r-

Fl,hy 1 Be

r
4 F2.hk

F3.13g

D6

E6

D6,F5.F6 prate

E6,F5,F6 pretest items

E5
E5,F5,F6 pretest items

F5,he,gssgi
___ ----,

iFil,gi 1

--- t

F6,gv

F5 and F6 pretest items

C2,ge

11Jpper case letters and numbers designate operational editions; lower case letters designate equating sections.
2
Dotted lines indicate new editions, solid lines indicate old editions.
3
Edition F5 was placed on the ES scale three ways: (1) using items contained in equating section he;
(2) using items contained in equating section gs; and (3) using items contained in pooled equating
sections he and ge.



I

Figure A.2

SAT-MAThematical Transfo- on PI 1'2

E7,ge
o

E9sgrohe 1 he
r-

171,gf,he

D6,C7,b1 06

E13,gr;gz.hn,hfo-
gt,hlsgh,gx F2,h1

E6D4,E6sgh

---
;

F3sgh

C3,gh

D6,F5 6 pretest items

E6,F5,F6 pretest items

E5
E5,F5,F6 pretest items

C4,hf

= 3

F5,hfogt,gj
F4,gj

E3,D2,gj

F5 and F6 pretest items

C,E2sgf

'Upper case letters and numbers designate operational editions; lower case let e a designate equat ng sections.
2
Dotted lines indicate new editions; solid lines indicate old editions.

3
-Edition F5 was placed on the ED scale three ways: (1) using items contained in equating section hf;
(2) using items contsiped in equating section gt; and (3) using items contained in pooled equating
sections hf and gt.
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